RGD-functionalized polyurethane scaffolds promote umbilical cord blood mesenchymal stem cell expansion and osteogenic differentiation.
Biomimetic materials are essential for the production of clinically relevant bone grafts for bone tissue engineering applications. Their ability to modulate stem cell proliferation and differentiation can be used to harness the regenerative potential of those cells and optimize the efficiency of engineered bone grafts. The arginyl-glycyl-aspartic acid (RGD) peptide has been recognized as the adhesion motif of various extracellular matrix proteins and can affect stem cell behaviour in biomaterials. Attempts to functionalize biomaterials with RGD have been limited to a maximum of 1- to 3-mm thickness scaffolds, overlooking the issue of core infiltration that represents a major hurdle in developing real thickness scaffolds. Herein, we present the cross-linking of RGD on the surface of "real thickness" (5 × 5 × 5 mm) porous polyurethane scaffolds (PU-RGD), to be used for the expansion and osteogenic differentiation of umbilical cord blood mesenchymal stem cells (UCB MSCs). RGD-functionalized scaffolds increased initial cell adhesion (1.5-fold to twofold) and achieved a 3.4-fold increase in cell numbers at the end of culture compared with a 1.5-fold increase in non-functionalized controls. Homogenous cell infiltration to the scaffold core was observed in the PU-RGD scaffolds. Importantly, PU-RGD scaffolds were able to enhance the osteogenic differentiation of UCB MSCs. Osteogenic gene and protein expression increased in scaffolds functionalized with 100 μg/ml RGD. Higher RGD concentrations (200 μg/ml) were less efficient in stimulating osteogenic differentiation. We conclude that robust RGD tethering to 3D PU "real thickness" scaffolds is possible and that it promotes core infiltration, expansion, and osteogenic differentiation of UCB MSCs for the purposes of bone regeneration.